3 centre for nonlinear studies and the Beijing-hong Kong-singapore Joint centre for nonlinear and complex systems, Meals, especially when taken in company, may affect the diner's mood. in line with findings that mood may alter cognitive control, a previous study by the authors found that after solitary meals, the Simon effect was diminished as compared to a premeal condition, whereas a social meal did not reduce the simon effect. here, we investigated whether this finding generalizes across different demands in cognitive control and, therefore, applied a flanker task. obtained questionnaire data indicated differential effects in mood and relaxation of a social as compared to a solitary meal. replicating our previous findings, the flanker compatibility effect decreased after a solitary meal but increased after a social meal. the present results support our previous findings with new evidence that a meal taken in a social context attenuates subsequent cognitive control processes compared with a solitary meal. 
Goal shielding is often accompanied by narrowly focused attention, allowing for the suppression of distracting information, whereas flexibility requires monitoring the environment and is therefore supported by more distributed attention. Cognitive-affective interactions in the context of the requirements for stability versus flexibility have been widely discussed. For example, Dreisbach and Goschke (2004) showed that positive affect relaxes cognitive control by increasing cognitive flexibility and, hence, task-irrelevant information is more distracting. In a similar vein, Zwosta, Hommel, Goschke, and Fischer (2013) showed that negative mood results in less cross-talk in a dual task situation and, hence, enhances goal shielding. These findings support the general assumption that positive mood widens the attentional focus and induces flexibility, whereas negative mood focusses attention and facilitates shielding.
With the present study, we aimed to extend previous behavioral findings to a different cognitive conflict task, that is, we used a flanker rather than a Simon task. Mood-induced modulations of the flanker effect have been previously reported. For example, Rowe, Hirsh, and Anderson (2007) observed an enlarged flanker effect when participants reported to be happy. Although response conflicts have been demonstrated in both the flanker and the Simon task, conflict control mechanisms differ. In contrast to the Simon task, where conflict control is applied to response preparation processes (Kornblum et al., 1990) , response conflicts triggered in the flanker task are controlled by enhancing the focus of attention on the task-relevant stimulus (Gratton, Coles, & Donchin, 1992; Scerif, Worden, Davidson, Seiger, & Casey, 2006) .
Flanker conflicts are usually stronger than Simon conflicts, therefore, enabling a larger range for modulation by mood. Hence, we expected the flanker conflict to increase after a social meal as compared to a baseline session without food intake.
As in our previous study, we tested only female participants because women have been shown to be more sensitive to mood inductions (Federmeier, Kirson, Moreno, & Kutas, 2001 ), which might be at the bottom of commensality effects on cognitive control. In addition to the flanker task, we applied a prisoner´s dilemma task and tasks on mental speed, semantic memory, and emotional facial expressions.
These tasks were not related to cognitive conflict control. Furthermore, none of these tasks showed any effect according to our experimental manipulation. Therefore, and because tasks were always presented in a fixed order, we will not report the other tasks in the present paper.
Method

Participants
Forty women of diverse occupational background participated in the experiment; 20 each were assigned to the experimental (EG) and control group (CG), respectively, and matched pair-wise for age (M age ; M = 21.5, for the range of 18.7 to 25.1, vs. M = 21.7, for the range of 18.5 to 24.9). The EG and CG were also matched according to Oldfield's (1971) handedness questionnaire; mean scores were 66 (range: −100 to 100) and 72 (range: −66 to 100), respectively. Due to an unusually high error rate in the flanker task both in the premeal (22%) and postmeal session, Participants were informed in writing that the aim of the study was to assess the effects of a meal on some psychological functions. 
Questionnaires
Procedure
The study consisted of three sessions: premeal, meal, and postmeal.
The pre-and postmeal sessions were identical for both EG and CG and measured a range of psychological and psychophysiological variables; the crucial experimental factor-the social meal context-was manipulated by the meal session. Participants were asked to refrain from excessive consumption of alcoholic beverages on the evenings before testing and during testing days. Breakfast habits should not be altered, but breakfast should be taken at least four hours before the meal session.
Premeal sessions always started at 9 AM, for both the CG and the EG, with signing an informed consent followed by measuring the BMI and by answering the BDI-II, followed by a demographic and handedness questionnaire, and the MDBF. After the completion of two behavioral tasks (prisoner's dilemma, mental speed), EEG electrodes were applied, followed by three experimental tasks. The first task was the flanker task, followed by a task on semantic memory and emotional facial expressions. The data from the EEG recordings and the other tasks will not be reported here. Altogether, tasks during this session took around 40 min.
In the flanker task, stimuli were upper-case letters arranged hori- 
Performance
In general, mean error rates in the flanker task were low, ranging be- (one-tailed), η G 2 = .002, whereas in the EG, it increased from 51 ms to 56 ms, LMM: t = 1.81, p = .03 (one-tailed); ANOVA: F(1, 19) = 3.28, p = .043 (one-tailed), η G 2 = .002. As indicated in Figure 1 , the compatibility effect in the premeal session is descriptively larger in the CG compared to the EG. An ANOVA on premeal RTs, however, showed neither a significant interaction of group and compatibility, F(1, 37) = 1.94, p = 0.172, η G 2 = .004, nor a significant main effect of group, F < 1.00. These results rule out baseline differences between groups as a cause for the three-way interaction above.
dIscussIon
With the present study, we aimed at replicating and extending our previous findings that meal situations affect cognitive control, by using a similar design as realized in our previous study (Sommer et al., 2013) but in a different cognitive conflict task. The tastiness of the meals was rated as good, regardless of where it was consumed. As to be expected, the atmosphere in the restaurant was judged as better than that of the Note. BG = bad to good mood scale; SA = sleepy to awake scale; RC = restless to calm scale; EG = experimental group; CG = control group.
office room. However, the office meal atmosphere was still rated as satisfactory, whereas the restaurant was rated as good.
Data from mood questionnaires indicated that the CG was more restless in the postmeal relative to the premeal session and-at least with a strong trend-reported less positive mood in the postmeal session. In contrast, subjectively reported mood was stable in the EG across the two sessions.
The flanker task showed the expected effects of incompatibility and practice across sessions. Importantly, it fully replicated our previous findings with a different conflict task for the CG, where the compatibility effect decreased after the solitary meal as compared to the premeal session. As expected, the flanker conflict increased in the EG after the social meal compared to the premeal session. Sommer et al. (2013) have found a stable Simon effect in the EG across sessions. The missing decrease of the Simon effect after the social meal was taken as evidence of relaxed cognitive control, admittedly a somewhat indirect conclusion.
The increased flanker effect after the social meal in the present study validates our assumption of relaxed cognitive control after a social meal. It is, however, an open question whether positive mood triggers relaxation of control or whether, instead, negative mood strengthens control (Botvinick, 2007; Dreisbach & Fischer, 2015) . Concerning this question, our present data are not decisive. Mood was stable across both sessions in the EG whereas there was a-nonsignificant-trend towards a decrease in the CG. Descriptively, on the BG scale of the MDBF (see Table 1 ), the mood in the CG started off somewhat better than in the EG in the premeal session but decreased to the same level as in the EG in the postmeal session. Moreover, ratings of the meal situations indicated that even the CG rated the lunch situation as satisfactory.
Performance in the flanker task showed a decrease of RTs from the premeal to the postmeal session. We ascribe this general reduction of
RTs from the first to the second session to practice. Overall decreases of RTs with practice have been observed also in compatibility tasks (Dutta & Proctor, 1992; Proctor & Lu, 1999) . Moreover, the compatibility effect also decreased with practice, along with overall shorter RTs. In the present study, for the CG, we observed the expected smaller flanker effect with overall shorter RTs in the postmeal session.
An For the EG, however, the flanker effect increased with shorter RTs in the postmeal session compared to the premeal session. This is a rather unusual finding that we take as indication of relaxed cognitive control triggered by the social meal experience. In all, this is a remarkable replication with a very similar finding across different labs, restaurants, and conflict-inducing tasks. Therefore, we may conclude that the differences in the meal situations reliably affect control processes in subsequent cognitive conflict situations.
We kept the time of day when the measurement was applied constant between groups. Both the CG and the EG had their premeal session at 9 AM, and the second sessions after one week started at noon for both groups. Testing time, therefore, could not account for differences between groups. Meal situations between the EG and CG, however, differed in more than one relevant variable: First of all, the participants in the EG were accompanied by a friend, therefore, they took their meal in a social context, whereas participants in the CG ate alone. Moreover, the EG was in a restaurant with a likely stimulating atmosphere, other guests, background music, and so on, whereas the CG dined in an office without any entertainment. Thirdly, participants in the EG could choose their meal from a menu, whereas the CG had no choice. On the basis of present findings we cannot conclude which of these variables contributed to the observed differences between the EG and the CG. We believe that the observed group differences are not due to a single variable but may be caused by the combination of restaurant ambience, a long break, and the company of a friend.
In conclusion, we could demonstrate attenuation of cognitive control after a meal taken in a social context. This replication and extension of our previous findings emphasizes the role of meal context not only during the meal but also for behavioral regulation afterwards.
The decrease in cognitive control of a social relative to a solitary meal (without work or media use) allows for an informed decision whether to emphasize on stress management or cognitive control by choosing the context for lunch. 
